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® Temperature control device for a fusing device in an image forming apparatus. 

@ A temperature control device for a fusing device F / G . / 

(31) in an image fonrning apparatus has a heating 
means (36) provided in the fusing device (31) for 
heating a sheet of paper, a temperature detecting 
means (37) for detecting temperature at the fusing 
device (31), and a temperature controller (40) for 
regulating the heating means (36) based upon a 
difference in temperature at the fusing device (31) 
before and after a sheet of paper passes the fusing 
device (31 ). 
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BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

The present Invention relates to a temperature 
control device for a fusing device in an image 
forming apparatus, and more particularly, it relates 
to a temperature control device for a fusing device 
in an image forming apparatus where the fusing 
device thermally fuses a toner image on a sheet of 
paper. 

DESCRIPTION OF THE RELATED ART 

A fusing device for fusing a toner image on a 
sheet of paper is used for an image forming ap- 
paratus such as a copying machine, a facsimile 
machine and the like. The fusing device includes a 
thermal roller having a heating means like a heater 
and a press roller for pressing against the thermal 
roller, and the toner image is thermally fused on 
the sheet of paper pressed between the thermal 
roller and press roller. 

In such a fusing device, a thermistor for detect- 
ing a surface temperature of the thermal roller is 
attached to a housing enclosing the thermal roller, 
and temperature data obtained by the thermistor is 
applied to a temperature regulating device for regu- 
lating a heater provided in the thermal roller. 

DISADVANTAGES 

Temperature control to a fusing device must be 
highly accurate because it is influential in fusibility 
of a toner image and occurrence of wrinkles in a 
sheet of paper. Although accurate temperature de- 
tection is needed, sometimes a temperature of a 
supplied sheet of paper is different from the at- 
mospheric temperature within the image forming 
apparatus, especially, the temperature at surface of 
the sheet of paper is different from the atmospheric 
temperature immediately after the sheet of paper is 
put in a sheet cassette, and in such a situation, the 
sheet of paper supplied to the fusing device is 
pressed against the thermal roller to change a 
temperature at surface of a thermal roller. This 
results in fusibility of the toner image varying from 
a sheet to another. 

A temperature sensor like a thermistor merely 
measures the temperature at the surface of the 
thermal roller in the fusing device or the atmo- 
spheric temperature within the fusing device. Hu- 
midity within the fusing device is one of major 
causes of occurrence of wrinkles In the sheet of 
paper in the fusing device. Thus, it is insufficient 
controlling the temperature at the fusing device 
based upon the temperature at surface of the ther- 
mal roller or the atmospheric temperature within 



the fusing device in order to prevent the occur- 
rence of wrinkles in the sheet of paper in the prior 
art image forming apparatus. 

5 SUMMARY OF THE INVENTION 

An object of the present invention is a stable 
performance of fusing a toner image in an image 
forming apparatus. 

TO Another object of the present invention Is to 

prevent occurrence of wrinkles in a sheet of paper 
in an image forming apparatus. 

A temperature control device for a fusing de- 
vice in an image forming apparatus in one aspect 

75 of the present invention includes a heating means, 
a temperature detecting means and a temperature 
control means. The heating means is placed in the 
fusing device to heat a sheet of paper. The tem- 
perature detecting means detects a temperature at 

20 the fusing device. The temperature control means 
regulates the heating means based upon a dif- 
ference in temperature at the fusing device before 
and after the sheet of paper passes the fusing 
device. 

25 The temperature control means preferably has 
a temperature control table based upon the dif- 
ference in temperature of the fusing device before 
and after the sheet of paper passes there, and in 
such a case, the temperature control means regu- 

30 lates the heating means in accordance with the 
temperature control table. 

The temperature detecting means is preferably 
a thermistor. 

A temperature control device for a fusing de- 

35 vice in an image forming apparatus in another 
aspect of the present Invention has a heating 
means, a first temperature detecting means, a sec- 
ond temperature detecting means, and a tempera- 
ture control means. The heating means is placed in 

40 the fusing device to heat a sheet of paper. The first 
temperature detecting means detects a tempera- 
ture at the fusing device. The second temperature 
detecting means detects a temperature of things 
other than the fusing device in the image forming 

45 apparatus. The temperature control means regu- 
lates the heating means based upon detection re- 
sults by the first and second temperature detecting 
means, and in this situation, the detection result by 
the first detecting means is a difference in tem- 

50 perature at the fusing device before and after the 
sheet of paper passes there. 

The temperature control means preferably has 
a temperature control table based upon the tem- 
perature difference at the fusing device before and 

55 after the sheet of paper passes there, and a humid- 
ity table tDased upon the temperature difference 
and the temperature detected by the second tem- 
perature detecting means, and in this situation, the 
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temperature control means regulates the heating 
means in accordance with the temperature control 
table and the humidity table. 

The first temperature detecting means is pref- 
erably a thermistor, and the second temperature 5 
detecting means is also preferably a thermistor 
disposed on the same substrate with the tempera- 
ture control means. 

Features of the Invention io 

In a temperature control device for a fusing 
device according to the present invention, a tem- 
perature detecting means detects temperatures at 
the fusing device before and after a sheet of paper 75 
passes there. A heating means is regulated based 
upon a difference in temperature at the fusing 
device before and after the sheet of paper passes 
there. In this way. fusibility of a toner image is 
prevented from varying from a sheet to another 20 
because of a temperature change by the tempera- 
ture of the sheet of paper. 

The temperature control means has a tempera- 
ture control table based upon the difference in 
temperature before and after the sheet of paper 25 
passes the fusing device, and tlius, simplification of 
the control can be attained as well as the effect 
similar to the above in regulating the heating 
means in accordance with the temperature control 
table. When a thermistor is' employed as the tern- 30 
perature detecting means, the effects as mentioned 
above become increasingly remarkable. 

In a temperature control device for a fusing 
device in another aspect of the present invention, a 
heating means is regulated based upon a tempera- 35 
ture difference at the fusing device before and after 
a sheet of paper passes there and temperatures at 
things other than the fusing device. Herein, fusibil- 
ity of the resultant toner image can be prevented 
from varying from a sheet of paper to another 40 
because of a temperature change by temperature 
of the sheet of paper, and additionally, occurrence 
of wrinkles in the sheet of paper due to humidity in 
the fusing device can be avoided. 

A temperature control means has a tempera- 45 
ture control table based upon the temperature dif- 
ference before and after the sheet of paper passes 
the fusing device and a humidity table based upon 
the temperature difference and temperatures de- 
tected by a second temperature detecting means, so 
and simplification of the control can be attained in 
regulating the heating means in accordance with 
the temperature control table and the humidity ta- 
ble. 

When a thermistor is employed as a first tem- 55 
perature detecting means, the effects as mentioned 
above become increasingly remarkable. In addition 
to that, when a thermistor is also employed as the 



second temperature detecting means displaced on 
the same substrate with the temperature control 
means, more accurate control can be attained, and 
the effects as mentioned above become more re- 
markable. 

These and other objects, features, aspects and 
advantages of the present invention will become 
more fully apparent from the following detailed 
description of the present invention when taken in 
conjunction with the accompanying drawings where 
like reference numerals denote corresponding parts 
throughout, in which: 

BRIEF DESCRIPTION OF THE DRAWINGS: 

Fig. 1 is a side cross-sectional schematic view 
of a photocopying machine having a tempera- 
ture control device in accordance with one em- 
bodiment of the present invention; 
Rg. 2 is a block diagram showing various ele- 
ments electrically connected to a controller of 
the photocopying machine in Fig. 1; 
Fig. 3 is a flow chart illustrating several control- 
ler functions or steps of the copying machine 
depicted in Figs. 1 and 2; 
Fig. 4 is a temperature control table as em- 
ployed in one embodiment of the present inven- 
tion; 

Fig. 5 is a block diagram showing various ele- 
ments electrically connected to a controller of 
the photocopying machine in accordance with 
another embodiment of the present invention; 
Rg. 6 is a flow chart illustrating several control- 
ler functions or steps of the copying machine in 
accordance with the embodiment of the inven- 
tion depicted in Fig. 5; 

Rg. 7 is a humidity table as employed in the 
present invention. 

DETAILED DESCRIPTION OF THE DRAWINGS 

First Embodiment 

Fig. 1 depicts a copying machine in accor- 
dance with a first embodiment of the present inven- 
tion Referring to Fig. 1 , an original plate 2 is fixed 
on top of a machine body 1 , and an original holder 
3 is hinged to the original plate 2. 

Within the machine body 1 and in an upper 
portion adjacent to the original plate 2, an exposing 
device 4 is positioned to read an original document 
(not shown) which may be placed on the original 
plate 2. The exposing device 4 includes a light 
source, mirrors, and lenses. In the center of the 
machine body 1, an image forming device 5 is 
disposed to form a toner image on a piece of 
paper, the toner image in accordance with the 
image read by the exposing device 4 from the 



Oe70S3lA2 I > 



5 



EP 0 670 531 A2 



6 



original document (not shown) positioned on the 
original plate 2. The image forming device 5 in- 
cludes a photoconductor drum 6 which has a sur- 
face which allows the formation of an electrostatic 
-latent image in response to images read by the 
exposing device 4. The photoconductor drum 6 is 
surrounded by a electrostatic charger 7, a develop- 
ing device 8. a transfer/separation device 9. and a 
cleaning device 10. 

In a lower part within the machine body 1, a 
sheet supplying device 11 is provided. The sheet 
supplying device is comprised of a bypass table 12 
at the right side of the machine body 1 in Fig. 1, 
three sheet supplying cassettes 13. 14 and 15 
stacked at the lower half within the machine body 
1. a large sheet supplying cassette 16 on the right 
side of the sheet supplying cassettes 13, 14 and 
15, and a sheet feeder 17 for feeding sheets of 
paper contained in the sheet supplying cassettes 
13 to 16 to the image forming device 5. The sheet 
feeder 17 includes sheet supplying rollers 18, 19. 
20 and 21 for respectively taking an uppermost 
mass of sheets of paper each from the sheet 
supplying cassettes 13, 14. 15 and 16. and loosen- 
ing rollers 22. 23 24 and 25 for respectively loosen- 
ing from a tight mass of the sheets of paper so that 
only single sheets of paper are moved at one time. 

Downstream from the image forming device 5 
in the process line, there are disposed a sheet 
conveyer 30 for sending the sheets of paper to the 
left in the machine body 1 in Fig. 1, a fusing device 
31 for fusing a toner image on the sheets of paper, 
a discharge roller 32 for discharging the sheets of 
paper where the image has been fused, and a 
sheet tray 33 for receiving the discharged sheets of 
paper. The fusing device 31 has a themnal roller 34 
having a heater 36 therein, and a press roller 35 for 
pressing against the thermal roller 34. A thermistor 
37 is provided close to the thermal roller 34 to 
measure a temperature at surface of the thermal 
roller 34. 

The machine body 1 is further provided with a 
controller 40 as shown In Figs. 1 and 2. The control 
device 40 is an integrated microcomputer including 
a Central Processing Unit or CPU (not shown), 
RAM (Random Access Memory) 42, ROM (Read 
Only Memory) 41, and is connected to the ther- 
mistor 37, a heater driver 43, the heater 36 and 
other various Input/Output elements. The ROM 41 
in the controller 40 is programmed with a control 
program, a reference table and other digital data 
necessary for controlling the elements in the ma- 
chine body 1 . The RAM 42 typically stores various 
data relating to operations of the photocopying 
machine in the machine body 1 . The controller 40 
Is connected to the thermistor 37 for measuring 
temperature at surface of the thennal roller 34. A 
heater driver 43, connected to the controller 40, 



regulates the heater 36 in accordance with tem- 
perature data received from the thermistor 37. 

The operation of this embodiment will be de- 
scribed below in conjunction with a flow chart 
5 shown in Rg. 3. 

At Step S1, the controller 40 determined 
whether or not a preheating mode is necessary. If 
affirmative, the controller 40 proceeds to Step S2 
where the heater 36 is regulated, so that the fusing 

10 device 31 reaches a specified preheating tempera- 
ture level. If the preheating mode does not need to 
be implemented, or if the preheating mode has 
been bypassed or canceled, the procedure moves 
from Step Si to Step S3. At Step S3, control of the 

15 photocopier in the machine t>ody 1 moves into a 
standby mode where the heater 36 is regulated so 
that the fusing device 31 maintains an appropriate 
temperature level for copying. . 

At Step 84, the controller 40 detemnines wheth- 

20 er or not a print key (not shown) has been manipu- 
lated- If affirmative, the procedure proceeds from 
Step S4 to Step S5. At Step S5, a sheet of paper is 
supplied from either the bypass table 12 or one of 
the sheet supplying cassettes 13, 1.4, 15 or 16. to 

25 the image forming device 5. At Step S6. a current 
temperature (before the sheet of paper passes the 
fusing device 31) is received from the thermistor 
37 to store as a temperature A in the RAM 42. At 
Step S7, a toner image is formed on the sheet of 

30 paper in the image forming device 5, and there- 
after, the toner image formed on the sheet of paper 
is fused by the fusing device 31. At Step 88, the 
sheet of paper Is discharged into the sheet tray 33. 
At Step S9, a current temperature (after the sheet 

35 of paper passes the fusing device 31) is received 
from the themnistor 37 to store as a temperature B 
in the RAM 42. At Step S10, a difference between 
the temperature A and the temperature B is cal- 
culated. At Step 811, the controller 40 checks a 

40 temperature control table (see Fig. 4) stored in the 
ROM 41 and compares the value of the difference 
between temperature A and temperature B, in ac- 
cordance the calculation at Step 810, At Step 812, 
the heater 36 is regulated based upon a tempera- 

45 ture in the temperature control table to which refer- 
ence is made at Step S11. After that, the proce- 
dure returns to Step S4. If the print key is not 
manipulated at Step S4, another processing step is 
executed at Step 813. and the procedure retums to 

50 Step Si. 

Rg. 4 shows an example of the temperature 
control table to which reference is made at Step 
S11 in Fig. 3, where numerical values are all repre- 
sented in ' C. Column 1 contains data on tempera- 

55 ture from the thermistor 37 (the temperature) be- 
fore the sheet of paper passes the fusing device 31 
while column 2 contains data on temperature from 
the same (the temperature B) after the sheet of 
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paper passes the fusing device 31 . Column 3 has 
data on the difference in temperature (A-B) before . 
and after the sheet of paper passes the fiisfhg 
device 31. Column 4 shows data on the atmo- 
spheric temperature presumed from the tempera- 
ture A in Column 1 and the temperature difference 
(A-B) in Column 3. Column 5 shows values of 
temperature to be varied for regulation by the heat- 
er driver 43, which are determined based upon the 
atmospheric temperature in Column 4. In Fig. 4. 
the temperature at the fusing device 31 in a normal 
copying operation is sot to 190 "C. A target value 
for the regulation by the heater driver 43 is deter- 
mined so that the heater 36 may recover itself at 
190 *C after the sheet of paper passes the fusing 
device 31 at the atmospheric temperature of 25 
•Q. The target value of the heater driver 43 is 
lowered when the atmospheric temperature is high- 
er than 25 'C while it is raised when the at- 
mospheric temperature is lower than 25 * C, so that 
a period of time till the heater 36 recovers its 
normal temperature (190 *C) can be shortened. 

Second Embodiment 

Fig. 5 is a block diagram showing a controller 
40 controlling system architecture in accordance 
with a second embodiment of the present inven- 
tion. Like reference numerals denote corresponding 
parts to those in the previous preferred embodi- 
ment, and explanation about them is omitted For 
instance, a first thermistor 37 is connected to the 
controller 40, as described with respect to the first 
embodiment depicted in Fig. 2. A second ther- 
mistor 44 connected to the controller 40 may be 
mounted, for instance, adjacent to or inside the 
controller 40 to measure temperatures of things 
other than the fusing device 31 within a tempera- 
ture control device in an image forming apparatus. 
For instance, the second thermistor 44 may mea- 
sure the ambient temperature within the machine 
body 1. or the temperature of the paper supply 
trays 13, 14, 15 and/or 16. Indeed the second 
thermistor 44 could be disposed in any of a variety 
of positions, depending upon the configuration and 
intended use of the device in the machine body 1. 
Further, in the instance where the second ther- 
mistor 44 is disposed on or inside the controller 40, 
the controller itself could be mounted in a variety of 
positions within the machine body 1. depending 
upon the configuration and intended use of the 
device in the machine body l. 

In this embodiment, the operation of the tem- 
perature control device will be explained in con- 
junction with a flow chart shown in Rg. 6. 

In Fig. 6, Steps S1 through S11 and 313 are 
generally the same as Step Si through S11 and 
313 described above with respect to Rg. 3, and 



therefore, explanation of them Is omitted However, 
at Step S32. temperature data is received from the 
second thermistor '44 and stored as an Inner tem- 
perature C in a RAM 42. At Step 333, a humidity D 

6 is determined within the apparatus based upon a 
temperature difference (A-B) before and after pas- 
sage of a sheet of paper which is obtained at Step 
310 by making reference to a humidity table stored 
in a ROM 41. At Step S34, a temperature at the 

10 fusing device 31 is varied based upon the tempera- 
ture difference (A-B) and the humidity D within the 
apparatus. 

An example of the humidity table to which 
reference is made at Step 333 is depicted in Fig. 

75 7. If the temperature difference (A-B) is 10 -C and 
the inner temperature 0 is 30 "C. it is found that 
the humidity D is 90 %, or othenwise if the tem- 
perature difference (A-B) is 40 •C and the inner 
temperature C is 60 'C, it is found that the humid- 

20 ity D within the apparatus is 15 %. The tempera- 
ture at the fusing device 31 is to be set high when 
the humidity D determined at Step S33 is high 
while it is to be set lower than an ordinary level 
when the humidity D is low. and thus, occurrence 

25 of wrinkles in the sheet of paper due to the humid- 
ity D within the apparatus can be prevented. 

Moreover, since a temperature at a heater is 
varied for allowing a current temperature on the 
sheet of paper, fusibility of toner can be prevented 

30 from varying from a sheet of paper to another. 

Although not shown herein, a temperature at 
the fusing device 31 regulated based upon the 
temperature difference (A-B) and the humidity D 
may be stored as a temperature control table in the 

35 ROM 41 . 

As has been described in a temperature con- 
trol device for a fusing device in an aspect of the 
present invention, a heating means for heating a 
sheet of paper is regulated based upon a drf- 

40 ference in temperature at the fusing device before 
and after the sheet of paper passes the fusing 
device, and thus, variation in fusibility of a toner 
image due to a change in temperature by the sheet 
of paper is inhibited. 

45 When a temperature control means has a tem- 
perature control table based upon the difference in 
temperature before and after the sheet of paper 
passes the fusing device to regulate the heating 
means in accordance with the temperature control 

50 table, the reliability of the photocopier as described 
above becomes more consistent as the control of 
the temperature is facilitated. When a thermistor Is 
employed as a temperature detecting means, also 
the above-mentioned effect becomes more pre- 
ss nounced. 

In a temperature control device for a fusing 
device in another aspect of the present invention, a 
heating means is regulated based upon a tempera- 
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ture difference at the fusing device before and after 
a sheet of paper passes there and temperatures of 
things other than the fusing device, and therefore, 
variation in fusibility of a toner image due to a 
change in temperature by the sheet of paper and 
occurrence of wrinkles in the sheet of paper due to 
humidity in the fusing device can be reduced. 

When a temperature control means has a tem- 
perature control table based upon a temperature 
difference before and after the sheet of paper 
passes the fusing device and a humidity table 
based upon the temperature difference and a tem- 
perature detected by a second temperature detect- 
ing means to regulate the heating means in accor- 
dance with the temperature control table and the 
humidity table, the effect as mentioned above be- 
comes more pronounced, and the control of tem- 
perature is facilitated. 

When a thermistor is employed as a first tem- 
perature detecting means, the above-mentioned ef- 
fect becomes more effective. In addition to that, 
when the second temperature detecting means is a 
thermistor arranged on the same substrate with the 
temperature control means, more accurate control 
can be performed, and the above-mentioned effect 
becomes more pronounced. 

Various details of the invention may be 
changed without departing from its spirit nor its 
scope. Furthermore, the foregoing description of 
the embodiments according to the present inven- 
tion is provided for the purpose of illustration only, 
and not for the purpose of limiting the invention as 
defined by the appended claims and their equiv- 
alents. 

Claims 

1. A temperature control device for a fusing de- 
vice (31) in an image forming apparatus (5) 
where the fusing device themnally fuses a 
toner image on a sheet of paper, characterized 
by : 

heating means (36) placed in the fusing 
device (31) for heating the sheet of paper. 

a first temperature detecting means (37) 
for detecting a temperature of the fusing de- 
vice (31 ), and 

temperature control means (40) for regulat- 
ing the heating means (36) based upon a dif- 
ference in temperature at the fusing device 
(31) before and after the sheet of paper passes 
the fusing device (31). 

2, A temperature control device for. a fusing de- 
vice in an image forming apparatus according 
to claim 1 , characterized in that said tempera- 
ture control means (40) includes memory (31) 
having a temperature control table stored 



therein being based upon the difference in 
temperature at said, fusing device (31) before 
and after the sheet of paper passes said fusing 
device (31) to regulate said heating means (36) 
in accordance with the temperature control ta- 
ble. . . 



3. A temperature control device: according to one 
of claims 1 or 2, characterized by further com- 

10 prising 

a second temperature detecting means 
(44) for detecting a second temperature other 
than the fusing device (31) in the image for- 
ming apparatus (5), and . 

^5 wherein said temperature control means 

(40) regulates the heating means (36) based 
upon the temperature detected by the first 
temperature detecting means (37) and the sec- 
ond temperature detected by the second tem- 

20 ■ perature detecting means (44). 

4. A temperature control device according to 
claim 3, characterized in that said temperature 
control means (40) includes a memory (41) 

25 having a temperature control table stored 
therein being based upon the difference in 
temperature before and after the sheet of pa- 
per passes said fusing device (31) and a hu- 
midity table stored therein being based upon 

30 the temperature difference and a temperature 
detected by said second temperature detecting 
means (44), said temperature control means 
(40) regulating said heating means (36) in ac- 
cordance with the temperature control table 

35 and the humidity table. 

5. A temperature control device according to one 
of claims 1 to 4, characterized in that said first 
temperature detecting means (37) is a ther- 

40 mistor. 

6. A temperature control device according to one 
of claims 3 or 4, characterized in that said 
second temperature detecting means (44) is a 

45 thermistor disposed adjacent to said tempera- 

ture control means (40). 

7. A method for controlling the temperature in an 
image forming device, characterized by the 

50 steps of: 

measuring a first temperature of a toner 
fixing device prior to having paper pass 
through the device: 

measuring a second temperature of the 
55 toner fixing device after having paper pass 

through the tone fixing device; 

controlling a heafing element associated 
with the toner fixing device in response to the 
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difference between the first and second tem- 
peratures.-^- ■ 

8. A method as in c!aim 7, characterized by fur- 
ther comprising the steps of: 5 

measuring the third temperature within a 
machine body, where the toner fixing device is 
disposed within the machine body and the 
third temperature is measured separately from 
the first and second temperatures away from w 
the toner fixing device; 

determining the humidity within the ma- 
chine body based upon the three measured 
temperatures; and 

controlling the heating element associated is 
with the toner fixing device in response to the 
difference between the first and second tem- 
peratures and the determined humidity. 
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